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COLOUR AND CHEMICAL CONSTITUTION. 


Part III. —Derivatives of the Unknown Ortiio-para- 

PHENOLPHTHALEIN. 


By James Moir, M.A., D.Sc., F.I.C. 


Ordinary phenolplithalein is a dioxy-derivative of diphenylphthalide, 
both —OH groups being para to the central carbon-atom. Fluorane, on 
the other hand, is the anhydride of an unstable dioxydiphenylphthalide in 
which both —OH groups are ortho to the central carbon. There should, 
therefore, exist a third dioxy diphenylphthalide in which one of the —OH 
groups is ortho and the other para , to the central carbon, and this, not being 
capable of forming an anhydride, should be soluble in alkali and should 
exhibit all the phthalein properties. This paper describes derivatives of 
this substance, including an attempt to make the substance itself from one 
of these derivatives. It should be noted that another ortho-para-dioxy- 
diphenylplithalide was described in Part I, isomeric with the above but 
having both —OH groups in the same ring, viz. phenylresorcinolphthalein. 
For convenience of nomenclature, the new substance, in which the ortho and 
para —OH groups are in different rings, will be called o-p-phenolplithalein. 

Preparation ofm*-methyl-o-p-phenolplithalein ( phenolparacresolphthalein ) . 
—Zinc chloride is melted in a round-bottomed flask and distributed in a 
thin layer by rotation and allowed to solidify. Equal parts of paracresol 
and p-oxybenzoylbenzoic acid are added and the mixture heated in an oil- 
bath, slowly raising the temperature until the zinc chloride has melted and 
the whole become a uniform brown gum. On cooling, the zinc chloride is 
got rid of by digesting with a small quantity of dilute HC1 on the steam- 
bath, cooling and decanting, whereon the organic product is dissolved in 
dilute caustic soda and reprecipitated with acid, this process eliminating any 
of the original ingredients which may have escaped reaction. The following 
are the reactions involved : 



# These refer to the central carbon, not to the OH as in Parts I and II. 
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Pbenolparacresolphtlialein dissolves in caustic alkali with an indigo 
colour, whereas the ortho compound is pinkish-violet in alkali. 

The absorption band in its spectrum is broad compared with those of 
the ordinary plithaleins, its centre lying at A 572, i. e. just in the same place 
as that of the above ordinary orthocresolplithalein. This remarkable fact is 
due to the breadth of the band, for while the violet-pink orthocresol com¬ 
pound has a spectrum showing only the loss of the yellowish-green light 
round about A 572, the indigo para-compound shows the loss of all the orange 
and part of the red as well as of much more of the green, even though the 
average absorption is also at A 572. 

This phenomenon can only occur at this part of the spectrum, since in 
other places a broadening of the absorption-band does not lead to the 
absorption of an essentially different colour. The phenomenon is the same 
as that shown by a birefringent mineral plate under polarised light, when 
the plate is of such thickness as to produce “ red of the first order,” a colour 
which has much the same spectrum as the violet-pink plithaleins; the 
slightest increase of the double-refraction shifts the absorption-band from 
the greenish-yellow into the orange and the “ red of the first order ” becomes 
indigo. 

Phenolparacresolphthalein is a very weak acid and is scarcely coloured 
by weak bases like ammonia. When dissolved in cone. H 2 S0 4 it gives an 
intense salmon-orange shade, which when examined in a sufficiently thin 
layer shows a broad absorption-band with its centre at about A 487. It is 
rather uncommon to find any orange colour which thus transmits the violet 
rays, nevertheless, another example is to be found in p-oxybenzoylbenzoic 
acid itself, which dissolves in H 3 S0 4 with a yellow colour, the solution not 
absorbing the violet but having a narrow absorption-band with centre at 
A 459. Phenolphthaleinoxime, from which the above acid is derived, also 
gives this absorption-band in H 3 S0 4 . 

o-p -phenol'phthalein-m-carboxylic acid. —This is prepared in the same way 
as the paracresol-phthalein, using ji-oxybenzoic acid as the phenolic con- 
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stituent instead of p-cresol. The heating must be carefully conducted so as 
to stop short of the evolution of C0 2 from the carboxylic acid. 

The new phthalein gives only a faint colour in ammonia, a stronger base 
being required to give the highly-coloured phenolic salt in which both the 
— C0 2 H and the —OH groups are combined with alkali. The colour is 
violet-pink, the absorption-band being at a 562 in very weak alkali and at 
A 570 in strong alkali, and intermediate strengths give intermediate posi¬ 
tions. In cone. H 2 S0 4 the colour is yellowish-salmon, and the absorption- 
band at A 502. 

An attempt to make its methyl-ester, starting with methylp-oxybenzoate, 
apparently gave the same product, the ester being too easily hydrolysed. 

The methyl-ether, however, was obtained in small quantity by condensing 
anisic acid with £>-oxy benzoyl ben zoic acid. It is pink in alkali, bleaching on 
short standing. The absorption-band is at A 558 and the one in H 2 S0 4 is at 
A 503. The close resemblance to oxydiplienylplithalide, of which it is a 
simple derivative, may be noted. 

A still simpler derivative of oxydiphenylphthalide, viz. its carboxylic 
acid, was made for comparison by condensing benzoylbenzoic acid with 
salicylic acid. The resulting oxydi'phenyl'phthalide carboxylic acid is colourless 
in ammonia and pink in caustic alkali (a 562 in weak and 566 in strong). 
It is yellow in H 2 S0 4 with band at A 489. Oxydiphenylphthalide itself gives 
A 560 in alkali and A 482 in H 2 S0 4 . The formulae of the last two substances 
are respectively : 
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The following other derivatives of o-p-phenolphthalein were made for 
spectroscopic observation : 

(1) m- amino-o-^-jphenolphthalein , from p-aminophenol : colour in alkali 
bottle-green ; broad absorption -band Avitli centre at about A 575. 

(2) m-methylamino-derivative, from “ metol” base: colour in alkali as 
above; absorption-band covers most of red, but centre is near A 640. 

(3) w- carboxylic acid of foregoing, from “ glycin ” (developer) : colour 
olive with almost whole of red absorbed. 

(4) m -phenyl-derivative, from diphenylol (p-plienylphenol) : colour blood- 
red with green fluorescence ; no definite absorption. 

(5) m -nitro-derivative, from p-nitrophenol : maroon in alkali with broad 
band at A 558. 

By means of the corresponding m-iodo-o-p-phenolphthalein (made from 
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j>-iodophenol and p-oxybenzoylbenzoic acid) an attempt was made by 
reduction to obtain the unknown parent substance o-p-phenolplithalein 
itself. The product of the condensation was for this purpose digested with 
a large excess of zinc dust, both acid and alkaline media being tried, and 
then reoxidised from phthalme to phthalem with H 2 0 2 , but I did not 
succeed in obtaining a product completely free from iodine ; and, most 
remarkable to say, the product resembled ordinary plienolphthalein very 
closely. 

Its alkaline absorption-band is at X 558 and its H 2 S0 4 band is at X 508, 
the figures for ordinary phenolplithalein being 554 and 499 respectively. 
The absorption-band is broader in the supposed o-p. compound and the 
colour is comparatively easily bleached by excess of alkali, whereas ordinary 
phenolplithalein requires strong alkali to bleach it. Further work on this 
point had to be abandoned on account of the complication introduced by the 
discovery which I next made, namely thatp-oxybenzoylbenzoic acid yields a 
plithalein-like substance when heated alone to over 200° C. or at a lower 
temperature when heated with a little sulphuric acid. The former observa¬ 
tion has already been made by Orndorff and Murray J. Amer. Chem. Soc.,’ 
April, 1917, p. 681) in the course of their preparation of another (nearly 
colourless) anhydride of oxybenzoylbenzoic acid, but these authors, misled 
by an approximation in colour, state that the second substance is phenol- 
plithalein. 

The substance can also be obtained by heating “ phenolphthaleinoxime ” 
with a small quantity of H 2 S0 4 to over 200° C. until a trace withdrawn and 
dissolved in cone. H 2 S0 4 , no longer shows a spectrum absorption at X 459 
but only the band at about X 500 due to the new substance. Excess of 
H 2 S0 4 must not be used in this preparation, else another substance, which 
appears to be /3-oxyanthraquinone, is produced, which has a very broad 
absorption-band across F when dissolved in alkali. 

It is probable that “ plienolphthalein-oxime ” is not an oxime at all, but 
is the |>-oxyanilide of ^-oxybenzoylbenzoic acid, its formation being as 
follows : 
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c 6 h 5 0 

This on hydrolysis gives p-aminophenol and Ho r<Z> the tauto- 
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meric phthalein-form of p-oxybenzoylbenzoie acid (see beginning). 

The new phthalein obtained from this acid alone is pinkish-violet in 
alkali and has a rather broad absorption-band varying between A 559 and 
X 561 as the alkali strength is increased ; excess eventually bleaches it. The 
H 2 S0 4 band is at X 501. It is thus scarcely distinguishable from the 
supposed o-p-phenolplithalein just described, and only differs from ordinary 
phenolphthalein in a slight degree, having a spectrum similar to that of 
phenol-o-cresolphthalein. The further investigation of this interesting 
substance must be postponed to another opportunity. 

A new property of the plithaleins has been discovered. 

It is possible to find a particular considerable strength of alkali in which 
any phthalein gives a colourless solution in the cold, but which becomes 
coloured on heating to near the boiling-point and again fades on cooling and 
allowing to stand For ordinary phenolphthalein the alkali-strength 
required is slightly over N. strength. Tetriodophenolphthalein requires 
much weaker alkali to exhibit the phenomenon, and a-uaphtholphthalein 
requires about 2N alkali. I cannot suggest any explanation of this, as it is 
not likely that the hydroxide-ion concentration can be much altered by heat 
when it is already so high to begin with. 

The following is an addition to Part II of this series : 

(1) Phenolphthalein mono- o- carboxylic acid made by condensation of 
oxybenzoylbenzoic acid with salicylic acid is faintly coloured pink by 
ammonia (absorption-band X 561). It is coloured deep violet-pink by 
caustic alkali (absorption-band X 567). This substance promises to be a 
valuable indicator, being like thymolphthalein in properties ( i . e. suitable 
for determination of magnesia, etc.), but of a more favourable colour. 

(2) The corresponding dicarboxylic acid (from plithalic and salicylic 
acids) described in Part I, has even more marked insensitiveness to alkali, 
having less affinity than Poirrier-blue. It will be very useful for proving 
the presence of definite caustic alkalinity at about N/IOO. 

(3) Phenoldiphenylammephthalein is also not affected by ammonia ; it is 
violet in soda (absorption-band X 565 and dulling of centre). It exhibits 
the same colour in 50 per cent. H 2 S0 4 , but is green in cone. H 2 S0 4 . 

Phenoldimetliylanilinephthalein does not show the same colour in 50 
per cent. H 2 S0 4 as in alkali. 

Attempts to make mono-ortho-oxy-derivatives of diphenylpkthalide by 
condensing benzoylbenzoic acid with para-substituted phenols gave products 
which were yellow in alkali and therefore probably not of the expected 
nature. 
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